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(57) [g»] 

A*fc£^T1550niii8E;B:'M > K^ftO^oafc&Kfctt 
T -5 fc ft (C1290mn^ £ 1330nm£ TOfgfflrt OjgglC^tt 

&7 7'(rt£tb\zm-rz>rcib\zm£:2n5. -Hie. 

©#Stff r -i A'tt. -20ps/nnrkn± 0 fe^l^Jt 
*#V^«[*«l:m520~1565nii!^ftfiD&fiC^lt'51d 
b/Ln«kO/hSV>flig£-£*/f§.5. -HlS®#&lit£7 7 
-YA*3ts©a&**>©«, fci£7 7^A©#«tftfcfi«& 
Zttib\Z, 152O~1565nm£#ftT&0fi&££ 

7-f Att»*7 7-f A'ii«iS-efe?). 
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(2) 

1 

nfcJB«r*»#*#l/Tt»T, ^a*n520nm*^1565 
nm*TO«5fflWOfiff^Ofifi{C*3^T-20ps/niii-km£(T 

mim 2 ] 5- •* A*©»ibtt&gtti6l*ti290nB 

1 1565nm0R0ifcg®f6Bl*}-fern£B£ : £ LTH&^lt 
:JWU©7r-f/t. W 

I? Lfc fcO*t-40ps/nm-dB± 0 /J\£ Hi 5 Cft^nTtA 
Sfif;Jfcgl©77'fA. 

g Ufcfc©#-120ps/niii-dB J; 0 /b2 H<fc 5 ICftStlTH 
£lt3fcg3©77'rA, 

tiL&tmmrLT^zmxm 1 077^ a. 

6 ] taiEB$r$*M&#£ 7 y H^fc J; -3 T 
£H3nfc4>*3 7®«J;?)fci3> jWffl**3 7®& 

zsiirzitmz+ttiz'b^mmis&zszaitibiz+ft 
\z*.g^mtt&ziiLT^zm#m 1 ©771' a*. 
m*m7] ^zm.^nxavvYHy7,\z^ 

7b, i$l&$&37&m&mistz>?7y F#7X©1 
J$Kl©7 7'fA\ 

V H^7X©lJf¥«tDfiV>H«f$$WT-537 • 
h^SWLTV^It^ 1 ©77< A. 

T£B3nfc3 7£JMIl/t43?), I©37H (a) 
f9r£©J3tfr$£W1--5't , £3 7£«. (b) m&?yy 
H^7X©fflSf$«fct)ffiHB«f^$Wr537 40 
K fc«fctf (c) 89i53fS©fl^ttfflB^7y H^y 
X©jg$T$£©*ra©®Sr$£WT 537 • 'J 
*¥ff*i|*r«*|flIlCJtTCfl!)JIW!T*«UT^*» 
*Si©7r-fA. 

0] "MHcEBSnT*?? W7X\Z£ 
oT£K$nfc3 7£JHitLT:j3D> 
(a) UfSfiDJBHff»ft*T*«f*37*«, (b) HUB 
H^7XOja*f$iD<SHJiJf$^1-537 • 
*-K (c) t&SB»?r£©JB3r#tffli2?7y 
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2 

*3<fctf (d) KflB^vy H^7^0ffl»f$«tDfiVijaSr 

^*wf5^2©37 • b**&ifim*.-rzj}fa\z 
nfcjBDr»»*ft*T* -> u * x c l tzftmm& 

ytm$L&7 7 4 A'T»t)T, £#fto<1520nm# 5 i565nn 
*T©«5ffirt©3f«©SfiC*5HT-20ps/noi-kni«fcD/h 
S < fcStl. *^1520nmtl565Dini:©W©wlia&fi®ffl 
rtfr*3ttS^flMfficfifiig©¥^^Ot-1.2ps/nni-k 
jatomn&Z <fc 5 fc&SilfcS' U * X 1 1 tzft 

mmMm&77<w. 

[mmi2] %.<Dm&&ftm t £?z>&o\zmm2 
nfc niir*»#ft *r * u * &^ - x \z Litttmm® 

7 7"f A'"?* o T, ^MR*tlS20n«8» <S 1565am 
*T©l5fflrt©Blf5£©«Str*5HT-20ps/Dni-km<kO/h 
£ <fc$n, *^1520nmtl565nnit©W©H»EffiSffiH 
rt»'*sltS»ffia^gftil8©¥^«jPa « i ifi 

0 ^ Sde f > 2Dde I (Stl/Dtf) 

<t^5Kfcj£C«fct>Tife£Sn, fo«rttlMSfl-»*fffi7 
7 -f A©#B, Si t H1290nmtl330nnit©^©«SHrt© 
»ftfc*tt«ilSiM!»fP©&J6lC«»bSnfcWIO!>J|l 
- H£3i7 r -f A*©1520nini:1565niiii: ©K©ifc6IS 
Hfc£tt3#»#fcgftS©¥J%m D. i «1520nmtl 

sesnnfcwiwrot&BftofcgfcfcttstilfBBqs©*-* 

- K£i@!7 A©#fKT& D» tfODa. r tt-20~-120p 
s/om-km©$&B ft C $> Z «fc 5 left 3 tlfc > 'J * - X 
t Lfc»affifi3t#»»7 r -i A% 
[»*S13] Dt r ^*5l5ps/nm-kni. 7*7X*fcttT 
'f 7-X5ps/nm-luD-t?&5 «t 5 Kft^n&tt*fl 1 2 ©7 
7-fA. 

)t#ftK7 3"f m?$oT, ^ft/Otl520nB^ e»1565ni 
*T?©«6Hft©5fS©&St*5ViT-20ps/nm-kmJ:D^ 
$ < ^Stl, ^Ol520naitl565nmt©W©KIIB&ftlSffi 
ft{'*tt5^f»mfiffilS©¥l%«^Sd e f ifi 
0 S Sic f ^ 2Ddd (Sn/D.r) 

7-f A*©#&, S ( ( ttl290nmtl330nmt©K©®Bft© 

iKSt*tt«fi^faftff©fc«> \zmmits ntzmmm 

-=t - HeM7 7 -f A'©1520nm tl565nm t ©M©igSig 
HfC*lt5^^tSfifliSI©«^ D.t ttl520nntl565n 
mt©ra©l5iBft©afifc*lt'5H5EiJip©#- ; E- H 
£^7 7^^©^®. ^LTDd«.ttfitrE^f5t©SSfc* 
It-SttrEgip©*-^- He2l7 7'f /XO^MRT**^ 
U * - X t L,fe^Sffi^fe^SK7 7 -f A. 
[fflf*«15] 1290nmtl330nnit©m©S5Hft©jSS 

HeSl7 7'fA©^<tt)40kmt. WIBg^m-^- 
HG^7 7 -f A©fi5©*?1 2»© 1 JXTrofi^TfeoT 



I « 

3 

r-r A£©*a)©ffl£#,fc 9fcs#&»*ft& 

©nmS 0 ©£#ftftl520nmfr Sl565nm3;-e©ifc6«8Bl*I 
©f?r5£©i&g £43 ViT300ps/nm^TTa& £ «fc 5 1 £ ft 
fc*MHMISft&3fce3!'J 

1 6 ] Mmftmmy r -i n&zamwm 

7 y -i A ntc%? 7 -f AJfMHB * 2 5 

HALT* D . ttE»«HfftSftfc*eaU >?fc:J3tt 
ZmfkVm*-*- F • 77*f A©4>fc< t&40km© 

Sft£»#« 1 5 ©#£2£'J >?„ 

1 7 ] SljfBtfStfii® 7 r -f /W3 7 iCEr F - 

tr>^s^Tfeo, Ao3&fc#;fe77'fA8MB8i£ 
jMH/a>*»#B 1 5 ®*eau 

[§t*H18] 1290nmtl330nnit©mo*5Hl^©ia[fi 
C*»t»fi»taftfpOfc»lc«HMl:SftfcS/U**^- 
F£2£77-f A©'>&< tt>40km 
t. ft©»*»»«Sftr*J:5fc«SftfcJBJf*» 
#*rr5$H!m«ft«fc87 7^ A©ffi£gt ©S*tl 
ifi£it£JWiLT£Q. fllfB77'TA©£#1fc&tl520Mi 

-km«ki5/h$<. mfteRifS©iSfilc^tt-5Hlil37 7-l , A' 
©i&«*<. ldBAm«kt3/hS<, *OirlB»fR»«7r-f 
/tofiStfimE&flMi-t- F&i£7 7i'A©;B;*©ift 
2 #© 1 J: 9 < fcv» J: 5 fcfc3ftfc$HR*iMteft 

1 9 ] 1290nm£1330niii£©ra©fSBf*J©ifcfi 
tiiltSfi^i[|!ifP©fc«>tMjifl:Sftfc->'J*S^- 
X til* F£2i77-r A©4>fc< thAOim 

t, fto»»»»«ft4r*j:5icmisftfcjajf*» 

&&lt£M:ffiLX&t)> 1520nni^51656nm*T©feSI5 
HF*3lC*^5 ttH©¥^ffl^^0 t-L 2ps/nm 

'-kmiwPflT&C, iTS^S9fi«7r-fA'©S$jit85|2 
- F£M7 r -Y AofiS ©ft 2 #© l <k t) * 

*<ftv»±5fcftsft&»«t»«*ft&*fiau> 

[»3&B2 0] 1290nm£1330nnit©Pfl©$&Hl*g©ifcB 
tiJttSfi^ilill^OfcftCSSfk^ftfcgip*-^- 
F£i£7 7-rA©3ll©g$t. H©«8E&#fte£-f 
* * 5 CW6Sftfc®«r*^*S^rr*^»ffl«3fe*jSE 
»7r-f A©flr£:g t ©it^Jffl^-Br^fttir 5#St£Ji 
«£ftfcftfcj£U>:7T&oT> H©$ffitf&#Si*£1* 
£<fc 5 KISSSftfdatf $#fi£WL*^tilf2§l l ©fi 

s ©& 2 #© i «t o v >g 2 ©g£ * ^-r £#a*s<fi 

ftm£&7 7lrtt<»femmiik&ritli). I520nm^e> 
1565nm*T©&fi«5H^©^©Kgt*tt5l5Efi@l 

"j ©&£ 2 iiEm£©Scfiic*it 5® 

»a»i^©fc«)tgjSft$ft*^ffiiE^ 1 ©fi$ tl^D 



(3) ftffi¥6-11620 

S$ ft*rr«*MR5'7 F • 75-T A«t 0^-5 

TSft*J:5fc!{i:Sft&»«S*Miaft&36eaiU> 

[»^«2 1] 1290nmtl330nmi:©rfl©®Hl*3©Kfi 
fc* tf*fi#IMW|s©fcft fcSjSffcS ft£*W-H& - 
F£j£7 7 -f A^LT#yfl1-*&»ffl4HHMWT* 
■o T. 1520nmjli ^1565nm*T©$8Hrt©^©iftfiti5 
t»Tft©^fliMRSWt-*»««Ml7r'f^tiajJC» 
10 tt3ftfctt77-fAJW@g&JI#UT*9» I«7 7 
i" ;ti|S»tti(rtBBf«©»fifc*V»T««ft#jt* J; 5 

2 2 ] iWfBj|©££#«atg|fB7 r-f A©JB 
^^tSH-T^feOT^D, *©H*r*#tfttft© 
^^»££T*±5fc»3ftTV»5ttJ»2 1© 

[fil^JS 2 3 ] lftgE#ftfit&7 7-f A©fi$*^30km 

*D/J^ ^it*s 2 i ©SH&ii fts. 

m-m2A\ i9E3t77'f/tilMlS«»iB*S77-f 
^9 AS#A/T* 0 *o-5-©ltMi»7 7-f A tW8B»*«« 
7 7 -f A t © W©^ 7^-f X K J; o Ti3IB»ilfflffi7 7 
-TA{cS^3ftTV^tt^2 l©»fjffl®|§o 

2 5 ] 1520nmfr ^1565nn* T©*8Hrt©@fS 
©SfiTftf^-r^^iit, ^2177-f A 

t, »*iHR7 7'f At. mu%m&z:Tfmdmmz 

7 7-f Attl290nnii5> ^1330nm^T©«5ffl|^©igSfci3lt 

*tt»l»fP©fc»t«M:SftT*o. i«iB#mJi£ 

7 7-f Attfi©««»iMR*tf 5 J: 5 fcWS^ftfcJl 
3K7 £f$#;fij£WU H©77-f A©±^«[*n520nin*»616 
56nmi-C©®Hl^©H)f)£©}feftfciJliT-20ps/nin-kiiij; 
0 *3 <)4S J; 5 t^^ftT^5^^j@|->XxA. 

[^*52 6] wc3aiE*ti(nEfi2i77-fA, mm 

Stffi® 7 7 -f A33<ktfA!iiE7 7 -f /N*liiSS©it5iJM-&-& 
icmiWWDM^y^^StckoTg^ftT^O, if 
E->X'rAttl290nmtl330niiit©K©StfiTilfp-rS^ 

2©3tsg?£$e,cA{iUT*o. ^©m2©^jittiai2 
91 1 <ov/Dufj-f^WL\z^oxmB&mm^\zmi 

$ftTfet). 85l3^aSttll2©WDM*77^a:fcck 

si 2 ©* 7 , 7#g:fc«fc o T*aEaMffi-&-& ics^^ftfc 

Sg2©&»g£jytLT*5fL ^©SI2©«^|g«miE 
SI 2 OftaSfc,}; o T%^$ftfc«^*§#^5 i 5 \Ztt 
^ftTV^»*S2 5©->XtA. 

[»K©i¥fflJ5:iftK] 

[0 0 0 1] 

»mWKS&oT^-5fiS , J> : 7±T©fim ffiM 

5<? fcffl^6ft**mcwr*. 
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[0 0 02] 

[&*©&«] ^r-f/teau^aftsfcWR-r* 

-f A'rogfrSitflsiiiKfc^Tti. #7 r-f A'©j£g& 

W***lCifitMB*T!i$*;S JVC* 0 . 1310ninTteijf«jO. 
35db/kmT-&9, £fcl550iaTI£ft0.2dR/krf&£. 
[0 0 0 3] Sfcfc, *±*F-/X>h*fflHfc3t7r 
-f^!WHI*«4MDT*D, *LT«5fiT'tt8*©S5fl1$' 
XxAJ^JfflT?S3«fc5fcfcoTV>3. 0J3.tf, Armita 
ge, "Three-level fiber laser amplifier: a theoretic 
al model", APPLIED OPTICS, Vol. 27, No. 23, Dec. 
1, 1988, *«ktf*ET3IJB3nTV>5^S|MHSnfc 
K 6 © 7 r -f AttMIStt? 7 -f noMSfcSHf 

Pt-W^ffl7 7-f/t«esm520 - 156 
5 nmCDiSBIT!MeU -^COlgaTttEr 3 F-A>r« • -f 

[0004] fl&©as&y>*ftaiBtt, esu>*« 

tSHL/T±T-5^fi^ti (total chromatic dispersi 
on) ^7X7 7^;N*Sfe?S+T©^©)iStt^ 

©3£©8i&©M&-?rfc£^S, #fMa&£«Bffl©ifcg£ 
£trA;V;UC#T£A;i/X&m©iIH£fc.5. /WXJE 

[0 0 0 5] WH&axvTW^xv*;**!-*- 
H ' 7 ±fe»imSg©y77ttitbT 
tm#ft©M&T';fcrK JE©«&£&ofcHB:it*8©ia 
HtLTJS<^t^T?^5. H©ftHttS«1310 nmT 
^M&^rb, 1550 nmfcfc^T&lS ps/nm-km©fflC^ 
~? 5. Agrawal, Nonlinear Fiber Optics , Academic Pr 
ess, Inc., Sandiego, CA., 1989, p. 11. Z.<D£oU 
«ffl7 7< A*Ttt, #ftot&&^£fc£1310 nmtfifi 

T»««*<S*i&.5. c:ne©se*©77<A'tii3io 
nmftifiT?©ft^©fc»K«a<bSnTVV5 (&TT- 
tt. 1310 nmT©ibf£©£*fc:SSg{fc£*lTV>5) fcS 

[0 0 0 6] GeOj-SiO^XTffrfcSnfcft* 
©$i-*-K • 77-f/ , ?fcfcfr*ft*81&«£ttl550 n 

IcSSf 3. ejg*n310nmTff^t>n-5®-&K». gip 
©*x y 7* • -f >x5/^XK1550nm»C^tT-5ailfi/hffl 
©ftl. 75{g©$8£Wf £. tf$7x5/7 • -f >T9? 
X3t7 7 -f /t*^»Wft»«ft 4TS1550nmC*tT-5e 

[0 0 0 7] 77-f A*©r--*;l"/1-7*-V>;* 



(4) &|g¥6-l 162 0 

(total performance) \Zftffi.tttmt(Dffij3<Dm8.r 
fcS^S. 1550iro£^tS#ft£g/hKI;:S)J;LT. *■© 
5S[fi®H(c*tt^S/hMg^fiJffl-rsfeft©a>«f©K^ 
**&snTV»*. $Hi^«gBl»©$£g£1550nn®« 
fc->7r--rss*© r^fi->7hj yr-irwm ("dis 
persion-shifted" fiber designs) #IS3£3nT^-5„ 
Wttt. Cohen, Lin andFrench, ELECTRONICS LETTERS. 

Vol. 15, No. 12, Inne 7, 1979 pp. 334-335; Bhagava 
tula©*S^H : ®4 7 15 6 7 9^; Saifi et al., "T 
10 riangular-prof ile single-mode fiber", OPTICS LETTE 
RS, Vol. 7, No. 1, January 1982. pp. 43-45; Ohashi 
et al.©*H#ff^4 7 5 5 0 2 2^; Bhagavatula, " 
Dispersion-shifted and dispersion-flattened single 
-mode designs", Technical Digest, Conference on Op 
tical Fiber Communication, paper WF1, Feb. 26, 198 
6; S5j;tfTanaka etal., "Low-Loss Dispersion Shifte 
d Fiber with Dual ShapeRefr active Index Profile", 
National Conference Record 1987, Semiconductor Dev 
ices and Materials, I.E.I.C.E. (1987), p. 2-217£ 

20 MBSttftK ^*n^©^«t->7h77'r/m^i^ 

[0 0 0 8] SSK. 1300nm£1550nm©W£©em®« 

("dispersion flattened" fibers) #afr SIXTH 
W;U*±jffiLfcBhagavatula©#B4#ilFi5J;tf±fB 
XSKOkamoto et al. ."Dispersion Minimization in sin 
gle-mode fibers over a wide spectral range", ELECT 

30 RON ICS LETTERS. Vol. 15. No. 22. Oct. 25, 1979, p 
p. 729-731; Okamoto et al©3KH#fr3l4 5 2 5 0 2 
m ; Cohen et al. ©^HftfrK^ 1 1 6 7 4 4^ ; Co 
hen et al., "Low-loss Quadruple-clad single-mode 1 
ightguides with dispersion below 2 ps/km-nm over t 
he 1.28/im - 1. 65 /imwave length range", ELECTRONICS 
LETTER, Vol. 18, No. 24, Nov. 25, 1982, pp. 1023- 
1024; Cohenet al., "Oltrabroadband single-mode fib 
ers", Technical Digest, Conference on Optical Fibe 
r Communication, paper MF4, Feb. 28, 1983; Cohen e 

40 t al., "A systematic approach to fabricating singl 
e-mode 1 ightguides", Proc.SPIE, Vol. 425 (1983). p 
p. 28-32; Sears et al., "Measurements of the aiial 
uniformity of dispersion spectra in single/-mode 
fibers", Proc. SPIE.Vol. 425(1983), pp. 56-62; Dng 
er©#H4$fF^4 69 1 99 1^; Francois. "Propagat 
ion Mechanisms in Quadruple-clad fibers: mode coup 
ling, dispersion and pure bend losses", ELECTRONIC 
S LETTERS, Vol. 19, No. 21, Oct. 13, 1983, pp. 885 
-886; :fc«fctfShigematso et al. 3-n?A-&@g#ffc& 

SO SB0283 7 4 8^#fl85n&V^ 
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7 

CO 0 0 9] m-ofrtoHMtf. ft%L7yy h7 7f"Att 

mKmzmm^te&miz&^xmm&Mz 

5. Okamoto et al. ©#Sftfr&4 3 7 2 6 4 

7^*5 t ktfLazay et al. aftBttlttM 4 3 9 0 0 m 

[0 0 10] &Sa©#B&77>y h75-f;t|SlhtJ1300 
nm/0>S1550niD*T©ISBrt©&g££V>T:£ : T-£©:£# 
ft££"f£. Bhagavatula et al., "Segment ed-core Si 10 
ngle-mode Fibers with Lot Loss and Lot Dispersio 
n", ELECTRONICS LETTERS, Vol. 19, No. 9, April 25, 

1983. pp. 317-318Og|3fCttl300niDlC*3^5*fl-5psA 

Wlffi® 7 71" A©fi2 #£2i7 7 ^ A©fi3 © 7 ~ 8 fg 

8 5 2 9 6 8^©®9ffi3m2 5~3 OffBi'lBmsnT 20 
US. 

[0 0 11] Cohen et al., "Tailoring the shpaes of 
dispersion spectra to control bandwithds in singl 
e-mode fiber". OPTICS LETTERS, Vol. 7, No. 4, Apri 
1 1982. pp. 183-185(ia>b!i-^ • ->5al/-'>3 
>© WVlV- Zyy HJ ("double-clad" fi 

bers) MbtP1-St>©Tfe5„ fg 

8 5 mom 6 rsSc^^^W^m^^i: 0 

l-3©v5a.L'-h$nfc77'fA*Str5^T^ a? 

5al/- hanfcKfrtt, 1450MK£(HftK*»tS#ft 
(CiiaiCg©ffi^i:. C©ffiJ^lr*5tt?>-40ps/kni-nm ( J; 
D/h3^£fi$Hfc£*UT^£. Cohen et al.©*B# 
Bfjg4 4 3 5 0 4 0*IH3§6ffl!iS4 5~5 4ff St|2[6 

[0 0 12] COXKJ4l550iim«l«lcBl/T£5V»5C 

t * * lth 5 <D&m %mmfimz)i> 

- yXm&ZfttctzVX$)ft& 1550nmlC*5W5ffltt^ 
W<»7s>r- )V<DfkWctfW 6 ©Sl5t^^-;W^l41"ti 40 

i3io<t ^&&\zmz%zmz>kfz z\ tizmt 

5fc©T?&5*><=>, ZL©XDtCm550niD^lCHL/Ttt 

[0 0 1 3] ±i2Cohen et al. ©"Tialoring ...."tV> 

($32 ps/ntf-km) tt. 1310nml;::fett.2>£3£fc#bTg 
nfcgip©^-* -F7r-f A©$£©£fl-tfcffl 
fS©«£ (iE-ntt$?j0.06 ps/ntf-km) «t WtZ>ft\Z±t 
^t^oZ.tX3t>Z. C©gth©7r</tttl550ni©3fe 50 



4$8i¥6-l 1620 

8 

55. ;:©'>S3.p-h$nfc7r-fA , tt#<©aftT 

lSSOnm^OH^ (*31520nm - 1565ni) (C«lt«jHR 
ffi£77^AiLTl*||fflT£fc^Ta&53. Sin. 
£©77^AI*1550iun^lCfc&75ft££3§LfcV>T<& 

Ufc^SEMSSft^^^-TTfe^ 5 £ £©£&©7 71" 
AKSffS'OF -Xy^jfcB (bend-edge Tavelengt 
h) 3j»lS20noJ:0*«fc«V»T*55*6T**. ^> 

[0 0 1 4] Sg2fc, £i£fcg©fc>1>ft£fcTfc#« 
ttftSMtlC. ficoT^©1310nm£j§'J>?fc:fctt5IE 

© r#*n#5j -> 5 al/- haftfc7r-f ASMBT 

n« (mi 8 5M. mim> sua) . 
[0015] u yzsz&nz-k&ftftLznmtittbntt 

TV>5. Kogelnick et al.®*Btttf£4 2 6 1 6 3 9 

h • 7 7-i n&jkis7>?-k\zmz>>vv7> 
ftmzm'm\z&ts%.z>rctb<Dyt/vv7,mi£mi\zm? 

5t>/u£:*.a&5. (^fcLin, Kogelnick and Cphen, "Op 
tical-pulse equalization of loT-dispersion transmi 
ssion in single-mode fibers in the 1.3-1. 7am spec 
tral region", OPTICS LETTERS, Vol. 5, No. 11, Nove. 
1980, pp. 476-478 &t>#M3nfcK ) Kogelnick© 

7 7-fA*©IE©#«K±r> -CmBSn*. 2*©7M 
A©fi$tt-€-nS©»fRit©JtfcS^iTS^$n5. 

[0016] ±mxm&m%m4 2 6 1 6 3 9^icib« 

*nTV»S« (®4«Hg2 6~5 6fri) 1560nm 
TS/hftftSlrf 5 100Km£2l7 yf ASS UT1550nm 
K*3^T5nm©X^7 N JW**f (- 
0. 8ps/nm-km) (100km) (5nm) =-400psec©#ft£4 £TV> 
5. 1350nm^— t-H • If • 77^ 

AitTSHSnT^O. , d^l550nmfc*Jt5-€-n© 
^®l4*316ps/nm-km-Cafe5^S, 5km©SS©-f 35-f 
If - 7 7<A^400psec©^S&i;. frZ>*tl\Z&? 

[0 0 17] JilBLin, Kogelnick and Cohen©^|{ (^ 
4 7 7H) T«, -e^tlBesnT^iil510nmT^a 
t*1"*lta7r-f At, 1320nmT^fl:S#-r50. 76k 
m77-fA£#?;fc£2S'J>*-C<&.5, :©^7r-f 
/N'©^©^»ftttH©^3^«1420nmTa!lSS n§. 

[0018] ±.m*m&ftm%4 2 6 1 6 3 9#©>>x 
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if ■ 7 7-fA'£&fflT3;:<!:at-e£.5. UfrU ±!2Li 
n, Kogelnick and CohencDXIRHS^cFtlTVi-S <fc3 

•VWWLZnz&oiZfcZ. {E^T, Kogelnick©#;t# 

fcK TfcfrlS. 1310nmfc:fc^T^#{&£:rrS£2l7 
71" A*lr»LT1550nm3l£ilS* fijffl Lfc3£fflf$fc£2£S'X 

[0 0 19] l^i;SI^^T5^K)->XT-A*tLamer 
and Bhagavatula, "Dispersion Reduction in Single- 
mode-fiber links", ELECTRONICS LETTERS, Vol. 21, N 
o. 24, Nov. 21, 1985, pp. 1171-72tE«$nT^ 
5. ^O^fAtli. 1310nmT^f5[i£Wr-51kin*S 
«fctf2.5kn©g*p©iii-;E- h* • 7 7-f/W 1550nmT 
$$rft£}rrs#fh>7 h • 7 7-f A©60kmU >7fc# 
»an. *©U>7©£#fi[©ifc6£1541nm©#2Iifcg 

sn*o^77fl2snx^5. 

[0 0 2 0] #B1#ifSg4 9 6 9 7 1 O^&SSKte© 
#St*t«&fltT&oT. Si02£^-X£Lfcft7 7-f A 

tl/fc77'fA'Sffl^j:tlcHf5t>OT35S. 7>y 
X 7 1 Lit? 7-f /X©«»*»*tt«20 

oonmT&s. -e^fcieit^nfcfisoWTtt, ■Ksifficfi 

1320nmfC^^T*^t5:S^r-r 5SiO» 7 £ L&#7 
7-f A*lkm*t, 2000nmfc:fc^T§5tf&£*I-rS 7 yflsft 
^ £ t L&7 7-f AO. 54kmtife-&3nTH-5 
(^61S2 4-2 6fTB*J«fc^7ffii4 8-5 9ffB^ 

#flgsnrcv^) . &m<DftW3.%.zm^zt. lssomir 

£tt£g*p7 7-f A©#fifctt, *&15 ps-km-nmtfcl), 
ftoT7>yfc&#7X77-fAWn«ift-33 ps/km-nm 

SfcoTV>*fc«)K:. ±G*HttttS4 9 6 9 7 10^ 
©B 4 tH 5 Ttt^m»^fi©^7 7*t±TtSiEl,T 
^S^tlCSBSnfctA, *^BJ<7)g65fcjttLTtt. Ag 
rawal, Nonlinear Fiber Optics , Academic Press, In 
c, SanDiego, CA., 1989, p. 10CS$tlTV»-5«t'5 

es»cs£fe©T*5) . 

[0 0 2 1] ^©tt^tt, ±|3*H^^4 2 6 1 6 
3 9 *t©-f 3 7-f If - 77-f AiDfeSVifi$©7i/ft; 
^7X7 7-fA*fi|ffl-C$.5J;5t1-5*t, _h§E#B 
^^4 9 6 9 7 1 0^TS*$nT^-57yfl2^7 
X 7 7 -f AttSftHRfc A**ttT* 5 <h t>5 &&&& 
5. 
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[00 2 2] a-DyA-ftlf&K&fglgO 0 8 9 6 
5 5^tt«fjl600nmt*5^T^W^S^||&#-rS7y 
fct&#7X (62HfF« - 33BaF 2 - 5LaF 3 ) TffrjfcSnfc 
7 7-f AKW1--5t>©-C&<5 (B3#BB) . £©3-n 

vrnwAwmom^n.. £©<k5&7y{fciW7x 

*fflv>fc5MR^7 h • 7 7"f ASM&Ttt-lO ps/km-nm© 
<fc 5 tefiV^««j8«l»rtBT» 9 5$ £ £*j**l/Tv> 

[0023] ffl©# < <Dftnm®m&m;8.m-c®.f! 

10 StlTV»«. *H#ffS4 7 5 0 8 0 23tt&lMfffi© 
fc«©7r-f A • U-f > • 

#Bftf?$g4 7 6 8 8 5 3#tt#m£&S§£L 
T#t- F7r-fno-fe^>h*jav»fc4MHtfll'>A 

7-k\zmz>h<D-z$>%, immmi 913520^ 
\tu- tf-ai3/vvzm%Em?zittb\z&m.mm 

*ffiV^A^xjE«sSffi{cWr5fc©Ta&S. #H#W 
fg4 9 7 9 2 3 4^ttfifiI^W*l'-1f-««88*ffl^ 
fcA^Xffi&S&CH-TS fe©T*-5. 
[0 0 24] 

a? [*^^ftb < fc5<i:TSSIS] ±^©^^{1, *£ 
$©£ 1 ©SS«*51310nmlC*V>T^ft5£^-r-5eM 
77-f AfcaDTfcMi-fS&C-e&oT, 1550nm©7-f 
> F*rtfcBr«©«*©3IMftlMi LTcfciiv'XxA© 

%%77-i ;t**at£i/Tv>*a»s, z<Dum\tmme} 
tss-e&s. jmnmmmts.m-*- F©monm-es 

Sft £ftfc#7 7 -f A • )V- Y £<k 0 fiSV^fttCT v 7 
5^1^— H (upgrading) ?ZZ.t)tn>ifft-)V (long- 
» haul) a©*tt#fct-3T#*tB|if>ffl»^W«T* 

[0 0 2 5] ffdx.«, ^*P©Xxy7-f >xi/^X# 
-t- H • 7 7-f A£Si;T£irr.51550niir>XxA© 
^ICtt, 7 7-f A*©^15ps/km-nm©IE©5rt!tU^;W 
4 0ft>*;l' (ft-5^«-?-n&±©) 50-500MHZ AM 
tfx*ffi^©3l*-*ii;^ii-. *o'J>^S^5kmStT 
tCffiI®T-5. Vodbanel et al., "Performance of Direc 
tly Modulated DFB Lasers in 10-Gb/s ASK. FSK, and 
DPSK Lightwave Systems", JOURNAL OF LIGHTWAVE TECH 
40 NOLOGY, Vol. 8, No. 9, September 1990, pp. 1379-138 
5tt, 1550nm DFBU— tf-©»8&&£«:}3«fctfi!&& 
fc£^£10-Gb/s£j£HI&l;:*3^T, ^ip©1300nmg 
®ft7 7-fA^Si;T©fi3g|tt. MFfrCSfcHKy h • 
17- • V- Ytf£.-f%$LX\Z, 3km©S3K®|g$n 

[0 0 2 6] aSWttt, SE#©1310nmg3fl; l J>^t 
M?Z7yzr>/U- m\t. fiA$nfcx-7 • V- V 
h©^S^* U0fi^XA>$S 
S^rUT) > IE?¥©7 7'fAioigrl/V>Sg^ft / >ISIca) 
5(7 *T3S£8l$ttK&fflT#5±3fc-r.5££T&;3 
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5. 1550nmifcB7-|'>F£ (£jl520nm-1565nm) Ttt, 
x;^9A£P-:/t/fc3tt77'f/'«HHS (OFAs) #M 

*«*«i8S»*»K:i»*-r*2:ta»Tr**. 

1310nmfcfi'M > F»?T». #77^ nWISfVIT 

[0 0 2 7] Gnauck et al., "Optical Equalization o 
f Fiber Chromatic Dispersion ina 5-Gb/s Transmisio 
n System", IEEE PHOTONICS TECHNOLOGY LETTERS, Vol. 

2, No. 8, August 1990, pp. 585-587, «KftJ£7 7 7* 

$>Z. !10XlR»a:-tC!)*ft«iaT6dB©a**B»TV» 

(J&2«Jl~5frl) . 

[0 0 2 8] Gysel, "CATV AM Optical Transmission L 
inks Using the 1550 nm Window", Proc. Manual, Fiber 

Optics 1991, Society of Cable Television Engineer 
s, January 1991, pp. 161-166ttl310nmfc:fcHTS#fifc 
F • 77-f/tT?O1550nmgSIC«feoT 

<DW>mtc&mmimK z. t \z «t sfwias 5 it 5. 

[0 0 2 9] #f&ttffi&ffifc:fctt5±j£©fflll££#* 

tt»7 7^/t©*»* J:tf£fc*HRK»r5 U 

>^^gtt-T5^tT^5. *fEBJ©ffi©SWtt> *R 
ttW310nmTSMfc3ttfc77^A£^n>5Wcrt>fc# 
f&v7 h7 7f AT&-5fr©.fc 5 fcl550nmifcg<M > F 30 

(CSO) S*fc||«3li-«.k5fc&M* 
3¥*fifc7 7-f *«IMfc Ufc^#ttttfl««ffS«tt 

[0030] #f89j©te©BWra, 

•5T1550nmT»^L, 1550nmTIE©5H&£:rr5£i£U 
>^t^Sti#5x;Hf^A^H-7tfc3t7 7-YA- 

[0 0 3 1] #S89i©ffi©B&9f4. 1520nm#>?>1565nm$ 40 
Tf©»*«ISrtT±*<ft©^fi»»&#^S^»tt« 
Si0 2 -GeO s ^5X7 7<A*^aftT5£tT*?). #8 
^©te©g«tt. 1310nml^tt-5^2lt^LTftMb$ 

ntzv 7-f rtflwwj >^t'*it5^ft4a«-r^.fc 
ft t JtmsWS^fiS -effl t^s z. t*t-c€r-5 £ ©a©7 7 

-iK*m&-rZZ.t~C&Z>. *fSW©£5K:te©BI$tt 
rfr)R©gip7 7 -f A*©kmS X) ®«g© 5 fg«fc 0 *S < 

[0 0 3 2] *^©ffi©B6<Jtt. 1550nm£gi$B 50 
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Ttt rmtHMIj "slope compensation") tUTlB^S 
nx*iD, *0-enttl*©7 7-fA*T^^©«^« 
*aftT*c:t**^»458©^-1f-©¥JMfcfi*J:tf 

^^^r-^uBc^-r^io^^&m^ss^i-s. * 

389!© 1 ^©saSWTtt. #K*i»©«&ttO*> 6-1. 2p 
s/nm J -km* T©$SB(*n?a&-5. 
[0033] 

*^Kt«fcoTa^sn5'b©Ta&D« ir>©syg0re 
H*r*»#* rr s 3/ u * - t, t u&»«it«3t» 

&&7 r-f /f «MU *©7 7-f" A*©£$Hfo&n520nin 
*vei565nm^-C©|gSHrt©mfe©^fit?-20ps/nm-kmj; 

[0 0 3 4] m<DmMW?\t, #§gl9!}il290nm£1330ni]i 

ow©«Hrt©*fiT«KMR»frr* ±5 K«»fcsn 

fci!>&< tt>40km©^ip*-^- F£3S7r-f At. £ 
CgW-t- F£S7 7 ^ A^gS ©$-#©-«£ D 
/h5 * %>-3Tft©««E»»«S5fi4-r*«fc 5 tCP 

nfc jB«r*»*€3rr a»«Hi«3B»aa»7 7 -r a* 

h;i/i|S©nm^ D ©^S[*n520nm^ £1565nm£ 
T©&fi$8Hfi©f9T5£©fc5l££V>T300ps/nm«fc9/h3 

[0 0 3 5] 2 6\Zt&Om&m?\t> *58WB1290n«t 
1330nm t ©r B 1©«8i8l*3©iSfilC* ^T^g«l^<£-rs 

istaswbsn&ww-t- Fes^-r a-k&js 

**£©©#«««»& JlflU I©ffl«gg«1520nnifr 
61565m*T©*Hrt©BfJ6©*fiT?ft©^fi»*S* 

* zftm®? 7 -f ;t tttMicsstta nfc# 7 7 -f n» 

«*S*«LT*D, E©3fc7 7-fAiWSttiWESrft 
©«£T*ffi£#*SJ;3fc&3nTV>S. 
[0 0 3 6] tt©*H«T?tt, *S89i«1520niia> 64565 
ni*T©«Hl*lC*tt*Bf£©tt*raW1^*m ft 

E3t«t*»St©IH»w»«Snfc^7 7^f A«fflg«fc 
0 fc 0 . l!(liEft£j£7 7 -f A*ttl290nm 1 1330nm©K©IB 

mtotz*ns&&x:<D&ftmmz*t Lx&mfcznr 

-f /N*©±^a*il520nmA> 5l565nmtTffl«5Hrt©3fS© 
SfilC*VJT-20ps/nm-km± D/hS < ?5:5<fc 5 tC^^n 

[0 0 3 7] 

i^mm] *^©em->xxAttEifc*$nT^5 

^SW^XxAH^Sffl^TV^. 1290nm-1330nm©|g 
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5gip©*-t- F#7 7-f A\krjft;5£2tU>7 2 
(Sk&CtlZ ri310na£j£'J>7J m&) C550nmtt 
igtfAStSnS. 1310nm£2tU >7 2 ©*«fc*V>T. 

«wx^tr9A*H-^anfc*7T'f/tiHB» (o 

FA) 3Ki!gS;*ns. za&5ts.®i&m-t'A&-e$> 
S. WAtf, ^fflftfflU 9 5 9 8 3 7^ H5 0 0 5 
17 5^. £<ktfiS5 0 6 7 7 8 9*f£#j»$nfcK 

*5S9i© i o«E>«t«icj:ntt. *©Jwi3n&flflw» 

* 5 SdllWCI*, #&1S«7 r-f A* 4 tt. £1 U >7 2 

<fcK •e©ft^t^s§5H3ien-5S(rcoFA3^6 
©*sft**sn&g*aM& (ase) 

C#*7 6 iWfl V>S tl-5 . 
[0 0 3 8] *56^©ffi©HJS«S|Ttt, ft%m&7T-i 
A* 4 ©JB«f*»**#r * 7 7 -f A J: 0 ft D ftOJBWI 

T5C:i:ftb{cn7tcErH-tf>^^fc^7r-1' iS? 
/tiWMT. OFA3t»mffiffi77'fA*4SfimU5 
3. 37tt>l^*^nitErH-lf>^S#-3^ti^7 
b7 7-f AKjrTS, Tanaka et al., "Attenuatioo Fr 
ee, Dispersion Shifted Fiber Doped with Distribute 
d Erbium", Techinical Digest on Optical Amplifiers 

and Their Applications, 1990 , Optical Society of 
America, Vol.13, pp. 138-141£*tJfc£:h;fcK 

[0 0 3 9] &5*t#tt»«7 7'f/14fcl8£3n<5 

J:-3T«Wblc<<ftD3*. *5BH©^MWi«7r-f 35 
A 4 ttftgte A J ^ U39>-3fi#««tt»» 5 

©©gffittT. MiftttttS^a&^d. OFA3*t 

©S3 &»gg5£#2n«ft£2l'J 

[0 0 4 0] cn^©->XT-A«^ttl310ni7 7-f At 

ff^^iiis^ci^T, fla©«-&ttw§$n5<fcot> 

[004 1] 02 ttl310nm*,i;Z;i550nmffi^'©S! t «y h 40 

• u- h£»&HR?K:tfrrs*sBE©ffi©siffi«£js 

VTKZ. WDM*7*7l 9*n310nm3tiil l*3<k#15 
50nm3flgl 1 a#&©ft*&1310iii&£U 1 2fcjg 

lSlOiafiaSU >7 1 2©Hl7JiIlC*5tt5WDM 
#7*7 1 6J«n6 2*3©fl|^*-tn6©»*fc*^> 
T^fS. d©«t5ft*7*7tt^»Ti60, 09Atf* 
BftfF3l4 938556^, £494 1 7 2 6^, *«fc 
#8495502 5^S#fig$nfcK 13Utaa0rettl' 

7lC±oTfflSStl, *Ol55Qnufl»ttOFA 
13fcJ:-aTi«BSn. *n©*MR««»iHi«77-fA 50 
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1 4IC e koTffift$nS. S4Snfcl310i«flr^*J:tf 
«MB*tliM(fc«flr*nftl560im«^tt. «j©fi3IU>* 
Cf9*A3n«fc©CWDM*7'? 1 8C<t:oTfflft$ 

[0 0 4 2] H3l^£9!©ffi©&jffl|**LT&Q. 
H © JHMlTtt, 1550nm#ig 2 1 ^ffiiS7 7 < A* 2 
4CX»Sn*#. JinfcJ;DOFA2 5fcJ:oTi|« 
StlS'<§1550mn©^$ftfTil* : a--5©T> 1310nm£2£ 
7 7-fA , 2 2©mJK©S$SB^*SeStfc^T. £fi 
ftfWHSftlciTiBSns. 1310M fi*7 7'fn2 2*> 
£©#fUi£$nfcffi<l«OFA2 3fc,fcoT«*I3 
ft. %m*74*9 2 6fc,fcoTa»3ft, *LTtfc$il 
*2 7fcJ:oTSB»6n*. 

[0 0 4 3] H4tt*«CgVil310nmg2l'J >7£aU 
T©1550nn©#©Klfy h • h£&£ff®T5ffi© 
&llfl**UTV»*. 3^2 8tttttvrOFA3 0£«fc 
oT««*n*1550iuifi#S*fr5***±5tiMWt 
«77-f A*2 9C«ALT, 1310nmeai77'fA3 1© 

fc©3*flu?ft*j;3fcftsft3<5. ini^iiOFA 

3 2fc±oTifiiH$n, tt®7j)V? (BPF) 3 3C 
J:-3T@fc3ft, *l/T«W51«3 5fcSiaT5ifC»« 
*«77*/t3 4fc*oT5HKftllIESft-5. ^©USS 
0!ttBf£©KV»lfy h • V- hT1310nmfcj£'J >^{c<t 
S«t>fiV**1«|IIBi©1550niieaSftfl*U5S. 
[0 0 4 4] #tttt«77'f A*fc#f'*fi3trS©#i£ 
0 1 CS^ntyXf AfclW5TE©«lcJ:-o 
T^&ft5. 1550iun{;::fc^Ti®15ps/1uii-nm©#fte ; tt' 
550ta©fi3l7 7-f ;t2 fti!g7^7 hWB 

©nmMi 0 ©±££|7 7 -f A#fttt750ps/mife»<5. *^ 
K© 1 ^OfflWm iMR*Hl7 7-f A'4H-30ps/nm 
-kmO^fi^WUTiSD, 50km©^jg|iJ>^C*5tt5iE 
©#fte££K*ift-r*£©Htt, 25km©SS4i^St 
^©ft$©ffi»EfllT»?.^Sttft<> «^Tft 
Wnttfl********. «£*©->7xAl?tt->XxAA 

7 7 -f A'* «fc iX^Siffi® 7 7 f A©g$ tttt feO&m& 
S (*S»liai520nm-1565nm©ffiH) C^^^fA 

itttffiem^^xATtt. ^«t»«7 7 nmmm 

vmm&MV>>7 • 77'fA*©fiS©*U2^©l«feD^ 
#<ft^^i:*W*L< > fr^ytmz*? hJl/@©1550 
Ditr«tt«nn3 D©»i9ffi€mU >^±*©^M(M4 
®300ps/nnufc D/h$K 1550nm^S^-f > 
1310nm£2iU>? • 7 7-1" A'©^fttti^±5ps/nm-kBiT 
^S«7 7'fA©3f5fi*n310nmeillU> 
7 • 7 7-fA©*$2^©l«kD7C#<ft^«fc5tCf-5 

&©k» fiat«*c*»t*»«*Mi7 7< nmmt-2 

Ops/nm-km t fett-tn <k 0 ^IrI IC± t IrMtT & -5 ^ t 
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[0 0 4 5] gqsm-^- HSM^r-f A2©M*tt. 
ttlOdBOU >i7^gt*ftTtt. j^0.2dBAm©^--y- 
T**. #ftffi®77<AM©Mg#0.5dB/lan©:t- : 7 

-T^nit 4>itffifi77i'n4*t->^x/,{a2.5dBa) 

Stt5S. ^ftmS'J^W^gtt^ldB/kmT&SJlt 

[0 0 4 6] 3iMIHlMl77'f;iOJME»*tttaaD07 
7-f /^^S^a^fiiC^ttiSkmS ©7 7-f AM 
STffl#Lfc<ETi&S. tt*©«te*tt**MWI«7 7 
^AomSftfttt-eOps/nm-km-r^^-S-CS.^'S (tt : 

fk§mmmvtut <j:oft©#rtre*ntt) , ttte» 

[0 0 4 7] WE77-f;^«ffiS5/XxA^SRfc 
5 fc-r*ft»fctt. fcftlf ftj&MOpn/nm-k 

&f . ff * b < tt-120ps/nm-km «t t) A Jfrfofc** < fctt 
tt«77^A£fSfl«fcg3fc^LTV>S*Sfctt;!)0 
Stt<30dBT* 0. £2t7 7-f /XK*B-<5«*SH»fc 
[0 0 4 8] S/XxAfcJBfcfc^T. iSitffttigrS-S 

nfc«fis/^«*«7 7-r ns*fc*^Ttt, 5MRtt 
M7 7 <* Att. x>£ d - ^^tit\m^;\^p>if 

ft*fc¥-©*77<A**STAy$r-5>Snfc*& 
ttt*iJ30kmT?*-5. 

[0 0 4 9] IEtt&«&»«©&*©lgffittT!B©a 
(1) K«r»TW««n*. 
Sd.t/Diti = Su/D.i (1) 

ftn©ta&T;&D, ni,iW^MR*ni77'f/x©ffia«* 
ic* o . d, f itea7 7 < ^©e»«*fc 

*W-5»«T»*. 1310mnT«ifl;*nfcS*P©*-^ 
- H • 7 7-f AfcfcHT, 1550nm©£j£8Eft-m. S,r 
= 0.06ps/nm l -kmT&0, ftODu = 15ps/nni-kiT& 
5. Di.f©tt =-60tiR^rsa:. &«f©fitt-0.24©* 

-^-Tft»ttitf*6aK Sd«t©«sB9tt. flA«aii 

-7fc«ko T«0~1. 2ps/nm 2 -kmfcS4fBo t£tli. 



(9) #BB¥6-116 20 

&75s> FWMl— H • 77-f ATttDi t te*9l5ps/ 
n-tat*fc«#. E©ffi»»fc*77-fARtf-:&,fctfl55 
Onrtfc&M^tf (1520nm~1565am) ft©&fc-5fi3i 
»fit»l/T«ft"r*. 5 I JI'*':fe«fcati7¥ft©J:5& 
®ip]£-qE- H • 7 7-f A©Rgf7t5jl-**,ktfl550 

T. *-©1550ni&6»M >H9ATBDii = 15 ± 5 ps 

[0050] iMMiflrofcj&KMsnfciooffsu 
JO »JtKtr?ti. Su©iliHMlftig«r6&»K, 

fla^Sd,.*^ (i) c«fct3T^sn-5ffi©-ifn~2^ 
©iBBrtTa»tntfa:6a:v>. -r&fes. 

0 ^Sdcr ^2Ddc# (Sti/D. i) (2) 
[0 0 5 1] XftmUTJ '7^JP*&ttAM-lfT*fi 

a&KHftsn* *>©•?«&<. *ns©w*tasfca 
ffl4n5*"b©T?»attfcaa-r^*T**. 

[00 52] 7 7-f A©W 
#l&ffi«7 7-f A*© 1 0©MM*tt£ftiHK©ll#rtlfc 

[0 0 5 3] B5~8Att#BH©£fttt«77'fAfc 
MS 1/85 5 ■3©*3e©3t7 7< AJB»f*»*!B9Jft* 

[0 0 54] &ttftmi\t>7 y y F 5 1 ©»*t$ t Jt« 
LTtttfctt* £ V^JSWr*? 1 ** £W bTV>£ £ fc t> fc, 
50 fi£*©7xy7"f ^ry^/US-t-F • 7 7-f At 
*«UTikW«^#««**T*'t'*37*«5 0 £ 
^A/TV>5. 06, 8^«kt;8AC*lt5^SS'Jtt* 
*37«Wt*6«HI*n* , 3«f*37ilJit5 0©x^7 

«kr)/hs^asf*7 f ;^^-r?>37- u>^52 

£#10 2) S^-eviS. 07, 8^J;tX8Afc:*5tt 
*»*«WttEI«a*f*»* (* 9 y K 5 1 ©HJf^J; 
DTfcEM/«) 37 • t-F5 5<£tf*n7<S«<!:37 
• U >if t©Kfc#A/TVJ-5. 37 • ^- h©ffl«f^IHl 
*tt37 • ^E-Mr^«7y*©<fc5^©H-A>h 
40 $^Jnr-5^i:C«kD. *-5^«Si0 2 n7- ; E-h^ 
tfGeO. T H - tf Z.t\Z&Q{r?y H 
5 1 (fc«ktfl 0 1) ©S5f^ifa^Jl<>:C«i:oT^ 
<fi©^SS'jT*53->^i8^5 i' ^ 

[^1] 



(10) 
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17 



18 



1 Y**-*39 Oil 


05 


05 


135 




07 


ms 


08 


518 


08 A 




3-'/ 






Xr»7 








i*T*7* 


VtiT 


— T /V?, % 


2.0 


z.o 


1.08 


1.42 


1.50 


1.56 


1.60 


1.8 


1.78 




1.5 


1.36 


2.18 


1.19 


1.47 


1.44 


1.43 


1.5 


1.35 


*. 1 i* A. h ft/ 

t-l'T #5. * 








0.0 


-0.50 


-0.44 


-0.40 


-0.20 


-0.22 








_ 


2.5 


4.30 


3.76 


4.87 


3.7 


4.6 




- 


- 


- 


0.23 


- 


0.20 


0.32 


0.16 


0.14 








_ 


3.7 




6.50 


6.50 


7.9 


9.45 


(ps/fm-nm) 


-50 


-49 


-30 


-30 


-55 


-101 


-70 


-70 


-61 




* 


* 


0.9 


0.8 


1.2 


1.0 


1.2 


1.2 


1.07 


A»W7. nm 


<1000 


<1000 


<1000 


<1000 


850 


1479 


1400 


1450 


1330 


W-74-/H-' 


5.4 


6.1 


7.6 


6.5 


4.4 


5.2 


4.6 


5.0 


4.5 




* 


* 


* 


* 


1700 


1805 


1800 


1800 


2277 



[0 0 5 5] £ft&0»*HMK»T**HK*l«ttttfc 
IMrr?>£fc-&gB«. i) **=i7*Wtfc*»t*IStt 
tf-7-7\>h$\ £J:tfii) *$i37mmztt?Z>fr-$ 

m-r5&5\zmwisft%z. mmom&tm*mik\zM 

H^tt K>H.xy^j , Sfc«Koit<'fc7 7'fA* 
**t>KH>S**-F£&8LfcWlfcBT£-5o 37 -'J 
>^*ff5»WBW6. 8:fc«fctf8A«, mfeom» 30 

[0 0 5 6] *-*-F3tt7r-f/t©*3> h*7$i&\t 

£Mfcg<fcD/h$<fcw-fttffcSft-f, 

*y h^7&fi«fcO^15Onni?5:ttie5Vi<lCjaVi06. 8 
*3J:t;8AK*3nTH5«fc5ICiii7 i )^©**37® 

7&gtt, h^7^fit^>H • x 

5o #:fcSS«J5:i3,ktf7©#g-©^>F • Iyvtt. * 

> h • x^7}ggt*y h*78c&£©w©raBijms 

W fc ilft£> ©Utt©^ICtt800nni©^-- sf-T&sa* 

e,, • x^vttt-5-ftat*^u^v>. 
[0057] #fmmt®mmt<Dm\z>b$i&ffim 
?z. mm&-rzrzib\z\t. »mmyr^mzn 

•T?>1525iua*i:^1575iUDt^ltS^ft©ittte2l7 7-f 

nc*5ttsift^©»a©itte«i^--e^ttfttf^^ 

fcK Tfct>M310nre©e2!l;:2*LTgjfAsSftfcg 50 



Gfctt*91.2T!fcttntffcS&V» (±1E©5£ (i) £*> 

#flB3ftfc^) . 

[0 0 5 8] EI5~8fc:fe^^MgiM. *&37^ 
37 • U >7"fc«ktf3 7 ■ hfcftl/T^Sftfc 

5 So a#tf©«fifc «f>*3 7««©Hl»*jWfelfc± 
o TSSSft-5 £ t SfcfcfcflJH 5ftTV> 

*. TctiU ni»7r-f/H*»±©a*ff!, A=(m J - 
o. , )/2ni». mt&r9y F©JB$r$, rtt¥&. -5-bTa 
»**37ia«©^a5¥STfft5. 05OH^^*fctt 
3->^©ftH5 1' tta=l©a^*€^t)L/T^-5„ 
IB*f»®*lll«tt©«ft#o»2©»&K4"f«. 

#*&tt=ft7B©3 7 (TIB©^Ttt ra->j »flft 
OftfftT^S) , &&V : r-rtLtzO>>f\t& : fm& 

**37«^-fte.©« 

[Si] 

n(r) = m C 1 - A (r/af* ] 

[0 0 5 9] H8 AKl7RSftfc4J-*JS»Jtt. fittl 0 3 
W7bX-rt-93y Ffc©mi©»JHSfc£t»©T. 
Wfi±©WjfllS#jL*t>©t#*.6n* (TE©7r-f 
;tfijfi©Jiic*^.B«itfivargct)^T©i&sB€#sg 

SftfcH) . GeO2-Si0.-5r->±lrGe0i-SiO s X-h (if 

9xti?) *»«stf*©ini*fc5'-F*0»wo 

)l/4«J#t-5C<httBli-C*5. 08A©Stfl?tt, 7 
7 y FttGeO. S; F - 71/fcSiO. Ta&* C ttiWZ. h < , 



(11) 
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19 

ftofH®#£tfft-w<D37 • h®«i o 5*«kr;i 

[0 0 6 0] ^ 1 fi#)t©^#©«S|C^tt-5SS-r5# 



2> 



* [0 0 6 1] «Jfi-r**«WOfl««l«3t7r-f/tfc± 
ot. Ti2©]^;i/©fi#«tfc±tfMg£#;5J:t#-e 

[H2] 



7r-fA' i.d. 


7873-01 


7873-02 


7839-011-016 


7-8015-01-03 












- * 


1.4 


1.4 


Z.O 


2 0 




1.5 
(base) 


2.0 
(base) 


1 5 


1 5 






— 


— 


o.o ! 










3 7 




_ 






0.4 




_ 






7.9 


£ J* , 

(ps/km-nm) 


-50.7 
(1535) 


-30.4 
(1535) 


-45 
(1550) 


-65 5 
(1550) 


|X M LL 

w w it 


0.8 


0.B 


0.8 


1.0 


*7tf7, no 


930 


980 


<800 


1521 


US 


5.93 


4.88 


* 


* 


0. D., fin 


80 


107 


115 


85 


8 g(dBAm) 


0.78 


0.71 


0.6 


0.48 


or 


* 


* 


1680 


1680 




. -65 


-43 


-75 


-136 



[0 0 6 2] 8l*<fctf2fc^$nfcJBB{;:H-r£a: 

- +*37«& 37 • U>**J:Ufc37'*-ME 

- u >v*mv) >y<DfMtx.y $>T*jean*. 

- <8mm575ninK43tt5#JK£1525niDl;:fctt£#ft 
[00 63] 

*58W©»«»«7 r-f Att, tMtltifc (VAD) . ft 
ftttft (OVD) &£Wi&IEfc#3&^ft:|g (MCV 
D) ©i^^gipW^^r-fASSji^cioT^^ 
tt*§5. «2t*tt577-fA*ttOVDafc«t^T^ 
^nfc. OVDj£tt#fflft|frSg4 4 8 6 2 1 2^, |g4 
1 2 5 3 8 8*1. £5067975*1. £4 3 14 8 3 
7^. i5«ktf3§4 7 1 5 6 7 9*t©£5fc£&©ftlfck 

[0 0 6 4] 77-1711.0. 7873-01* J; IX7873-02KT 50 



tltc. 37ttS62.5/iin©^P'-xy H • -i >f y97> 
H • 7r-fAWcft©37 • 7*U7*-i*a<«ip 
©OVD£ (T>FWP±fc#7X&^£ft«$ii-*L 

T-e-c^Fwi^n^f*) c«fc^>T^sn, 3> 

5) £fc$n&. fcT-7 • 3 7iS&J&te36aS%Ge0*£H 

-7$nfc->u*T»-3fc. £©<t 5 cms 

#ft (deposition and redraw process) **s£§yfc3# 
ff$j|448 6 2 1 2*ti3 < fctfjg5 0 6 7 9 7 5^tfB« 
SnTV>5. C©fi@7mii©^->ttSi02-r^--A--^ 
F$ftT80mm©X-Htg£fc£ft. ^bTK*^ 

© # 7 X ##)&lfi@# 3 nTftgft7mio©^r - > t £ 3 
ttfc. £ 1 <D3r-ft-!7 1 7y H • ^->^f|^£2©Si 
OaX- hEUt-rt-iryy H^nTitS58mii©X- h 
iftSnfc. COt-A-i'y-yH • X- r- • 7'J7* 



21 

CO 0 6 5] ±fB#*m. WtiaftibSOutoS-V&fc? 

5774mm (ti 7 t>774 no. d. ) icsttsn 
&. z<D774rt<D&&<omimm2ti, -?•©£&, 

timbre, 80nu774 rt\t®m<D&m -)v±vi> 

si* mmztiTc^) mtczottmmnrcmm 

Vtq>m-?foZ>o 77^AI.D. 7873-01 (80 

/imO.D.) 3.1km:fe.fctf77'f A*I.D. 7873-02 (107«m 
O.D.) 3.3kmd»$n*oM^3tlfc. 

[0 0 6 6] 774 AI.D. 7939-011^ ^-016*Ttt¥ 
-©*- A'-i?7»; HXg*#50VDSK<toTfiji 
£ nfc«tt*>6«3l #2 nfc 6 #© 7 7 4 A* i 9 £-5. 

-T >ry 77frfrfc .tmiOa * l3*lt^40att%©Ge0s 
*> r> XT > H Wl/±fcit«S nfc. u©37-y 

>j 7* - Ae^no^B±c«:«$nfeifi^^si02 © 

1 (0.15©37/77<y Fit££-f5£»i::) *5<fctf74 
mm©X- hitg£^LXV>£. £©37 • 7*1) 7* -A 

*t«e*©igifii£jisc«fcoTjBWcsn*o3>yu5 i - h 

Sn, *bXP|jg#3nxfl-tl7mm©3 7 • 'r-ytti 
$nfc. 37-*->^mm©X-hfigi:fc5<fc'5K: 
Sl0iT*-/t-*9y KSnfc. C©Sij^©7*U7*- 

T7r-fAt^$nsfc*©s^©^7x««t^sn 

[0 0 6 7] (£±#3-^ >7l K-fcoXfi 

^7 7"f /tft»j*f 7939-011fc<fctf-016©fc* 
©##©-$##&#$ nx. 110jxina>e,85Miii£T£ 
ft-r^0.D.&Wr52kni©S3©7r'rA (#5X) <!: 
&$nfc. £©2km©fi3©7 7-lV\ , ©&ft£lit&SB# 
t feJtS^m^M^Stl, 110 u m©it&Ttt-17ps/iim-k 
vtfl. -5- 1 T85 m m©it gl?»-45ps/niD-kiii©ffi7ji# en 
it. *©&T. #»©Sgi5^6*©J:5fcbT6*©7 
7-fA*t«|?|#$nfc. 7939-011(30. 7km); -012(7km); 

-013(15. 9km); -014(12. 7km) ; -015(6. 7km); &£Zf-Q 
16(11. 6km) cne>6*<D7 74rt<Dm7ZZnrz®mt 
1£-X&*.D, ±IB©g2fc^$nTV^5. 

[0 0 6 8] 77-fA*I.D. 7-8015-01—0314^-©^ 



(12) $3fg8¥6-l 162 0 

22 

-n-?7v Hxes^ovDfecioTKiiisnfc 

S»^e^§l$$tlfc3*©77'1 , Aj;0ft-5. fgl 
37 • 7*'J7*-A^SiO l *T40ai%©IgGeOa 
S&SWU *OSi02«fT8aS%Ge02©ggt8g$^ 
f^xJl'^©ffiTLfc37 • UVytioTfiffl^nfe 
ExJl'* ©X r y 7* • 4 >x ? 7 7, *£3 7«#2 t> o 
TT>HWW±fctt3t3nfc. 37 • 7"U7*-Att-e 

n©^ffi±Ka«[sn&iw»»si0i©»vjji, *s«ktf 

74mm©7- hitg^LTV^. £©37 • 7°'J7*- 
10 A *<ft*©Jfi jfl^ja fc«fc o TW^n*^ 3 >7 U T - 
HSn. ^LXffM#3nxtt&#7iiiiii©3 7 • dr-> 
tft^nfc. £©37 "r->fJ82mm©X-hitgt£ 
5«k5tSi02-e^-A*-75y FSttlfc. £©g&©7' 
U7*-A*tJBJ*$n*03>7iJr-h^nT» $31 
fl:<kciT7 r-f A' (g?ca-T^>^5tn) t 
fc3n5fc*©ft&©#7X##£ftSnfc. 

[0 0 6 9] 7 7-f A'l.D. 7-8015-01 — 013©ft£«6. 
4km(-01), Ukm(-03), *3j:^22km(-02)Ta&ofc. ZLft 

$3*0774 A©a3^sn&4#fttt^-T?*D, -en 
it? s «±e©s 2 i^snx^s. 

[0 0 7 0] hSWT577'f /tKWtt«*©77 

fcJ:oT»*Sn*IHI«««T*D5*Jif». Sfi#fc->'J 
*X*oX>bJ;<» Ge0 2 £F-7Xfc-> 

[0071] ^:n6©77'fA*©^i^*t77-fA••^7• 

x-T y7 • tX h • 7*0«>-^a7EIA/TIA-455-168t 

50 £ne.©i«i5£tt, fttmm774/w2'?<Dm\zmm 

T.t-vT' -4 ' 774 A*0fiVvfe 

7->a >**»bT-eo»iHiflr7r'f /ttxwsn* 
nss. 

[00 7 2] i/XfAW 1 
40?V>^AMfcfx* • fX bX©#S*i&7 7-f A* 
©xXh*t0 9~l 2t^5nXV^«t'5^>'XT-AC 

s^xfffcfcnfc. £©?x h©Ks*^3 ic^sn 

40 [«3] 



23 

fvWNo. 

1 
2 
3 



4.4 

4.4 
5.9 



(13) 

K'KdBm) 
0 
0 



-116 2 0 



-5.0dBm 

0K*tiE*n*: 



4.4 



24 


55.Z5lieeaHz-C 
CMffljJEStl/c 


325.25 
MegaKz 


54.1 


53.6 


52.5 


50.1 


49.4* 


48.5' 


51,7 


51.9 





55.25 

MegaHz^tDCSO 


325.25 
UegaHz 


55.25 

MegaHzT?CDCTB 


325.25 
UegaHz 


1 


61 


62 


! 75.2 


73.8 


2 


48.2 


37.8 


71.9 


59.5 


3 


59.6 


53.3 


68.8 


69.2 


4 


59.8 


60.3 


73.9 


72.9 



[0 0 7 3] S3*5«fctf09~l 2t^SnT^Si5 

«$n, • u^»^3t^snT 

UTtt/'fX (CNR) . &£2& (CSO) *3j;tf&£3& 
hf-h (CTB) ai^#55.2543±tf325.25;*#Aj|,y-ejS| 

ssnfc. ^n^2^>©^&istt-?-n&^405 i ^>*;u » 

[0 0 7 4] $3fc:fett38l©xXl- (fXh#l) 

*tfCTB5#WPK'3VsT*Srt-*J:i*£&. § 
JI&-C0 dB ft £ ± 5 £ lT££ttS JItfMflS 3 ft 
fc. x7h#HJW-tf- -^v-T^r^Afl-ffc© 
*Sfftlfc±**fcfctttfrr*fc«&©»ifc*. 1310 

«7 3"f A£#ofcl310niiiTS®fc3ftfc7 r< A* (x 
Xh#3) K<k$e£atxXb#l©|gS£H;RSft 

It. 

[0 0 7 5] £3©xXh#2 (H10#8B) "Ctt. 40 
*D*- MrfDfiSCSW-t-F • 75"f A* (Corn 
ing SMF-28, Corning Incorporated, Corning, N.Y. 14 
831) fltftRSft, -£LTg{|«rz?0dBA<7- • l^UUfc 



12. 8dB. ^LT325.25/^a;W7T24. 25dB*fls3n 
&. tnStt. »fc825.25^<f^yoWtttfc*V>T 
ittfcl$*£ft£fl;-?a&D. 50dB«fcD;fcfrt»**»J7*t/ 
•<XJt» -60dBJ:DfiV»CSOl/^ 43<ttX-65dB«fc D 
ftH C T B K;H£ ±o XWKOft 6ft? 5 ftSWfc A 
MA'7 7#->fijg|->XTA©«fiS2pft^©7 L X h*t 

[0 0 7 6] i3©fXh#3 (011) Ttt. 11.6+ 
n*- Mk©$HRJii«77'fA (±»l/&7r-f W.D. 
7939-016) #C S OS*S1f IE-r^fcJ6tT7 h # 2 

©^xxAtttflnsn*:. ttfigx-^icioT^^nr 
©R FHa*c*v»TfiHnanfcS**fiBga«5»3Wi 

lE^ftfc. 55.25*#'YIPym. 12.8dB©^tlDS*©l 
1.4dB#ttiE3n%:. 325.25^^'\;UyTfa, 24.2dB© 
#1DS*©15. 5dB#}jtiE$tt, 8. 7dB:gt*§IE3ft£tA3; 

[0 0 7 7] Z<Dmm&%±T-t£frotzt^5Z.t\tm 
A 7 r -f A©fi S #IE t < fcfr -3 *». * 5 lr» ttl310nm 

Mfc7 7^/*fc»UT$HWI*7 7-r n©#&«&*< 

[0 0 7 8] ^ffiffi77<A^«kS1310nm^3gfl:77 
-fA©eSft»«->7h (DS) 77W\Z£Z>feTkt 
&m-*Z\t.\Sm%M-?&Z. g3®fXh#4 (01 
2#H) Ttt, £T©7 7-f /N**n550nnJC*5lJ^tt|gft 
&jgte£ftfc#ftS'7 r-7 7-fA (Corning SMF-DS) © 

4o*p*-Hn?a&aftfc. i550nD-ei!i^-r-5M(as 

fctte2£®885«#ft->7 h77-f A©^©x>H • 



(14) 

25 

CO 0 7 9] S^TlBSSnSJ^fc, tf&v^r^ 

m->7h7r-f A£a§J§£©0. 2dBtVi52*ffl©IB 

*<DSDOS*#»«3/7h7r-fA , fta 
5^£©7dB£^?2#ffi&ftl;:«IE£nfc. 325.25/ 

[0 0 8 0] £©«£Klfc, COffiiEA^'r^ofc 
t V» 5 C <k MMt7 7 -f A©§$ #IE b < fc75>o 
fc* fr>ttl310nrtHMb7 7 -i Afcft LTftWffife7 t4 

[0 0 8 1] CO*fflt«Ftttt, gip©m-qE- H • 7r ^ 
<f A£*n#&£rt> 7 h 7 7-f ^T»S«>©J: 

StCfifl^T, 1320nm£3tU :/7£aUT1550nm©AM 

k'x^-fi^^em-rs v7>T-A(c#ft-r-5 c s o^*£ 
«7 7-r mtmm^-^- h • 77^r nsatffc«& 

[0 0 8 2] >-7-rAg!|2 

H ©MTffl V> 6 nfcftftttft 7 7 -f Att 3 #© 7 7 -f A' 

I.D. Nos. 7-8015-01 03 (£tr"C39. 4km) «fci3&5 30 

fc©-?* 0 . -f-nttl550Dmt^^T-65. 5ps/nm-km©# 
tSt£M*Lfc*t, cinttgip©*-^-^ • 77i'A'© 
IE©#{^?)&4f&©;*:£;*-e<&-5. Z0ftm®77 

-irtazurhMObmi 3ic*$nTv^. issonB 

fC*lt5a*tt0.48dBAoT*o^. i©^f[ffiffi77 
f A©#ftot01 6lcaEfit©M«T7*ny hStlT^ 

[0 0 8 3] 1310nm£2£K2tLT§jffc£n£g«P©iti 

h • 7T-w<D#mmTE-rz>tctb\z\z. 39km© 
7 7 Atft&g t s n. ^nic«toTi9dB©jg 40 

*ffil*38«fti;&. 1310nme2IU>7*5J:^Stffi®7 7 
-f A © a 3 O © O F A Sffl H 5 £ i: <t o T &H 5 

nfc. #&ffia7 7^A©Bifgfittg®-?&£at, ^© 
#fttt«7 7 -r tmmvm&zm zm&.i>*m\zm> 

©*T?> 3>A? h^77-f A • U -JHC^Sl-SCi:^-? 

[0 0 8 4] ^ftM«tt<g^TSft«*SS-C*5Av 
5, »«a«7 7 -f rtttafttt*. 
OF A s Sfctt3tSfi«CtoTHF$T?#5gfiA7- 
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K • 7 7-YA©*Pfl£K:6EgSn#-5. d©^ 
Ttt, 01 4fc^$nTV^«fc^(C, 6.4km©#m*m 

7 7 -f A©^ 0 ©33km« U ©gffffi&KEfiSn 
fc. 2HB^t*5tt50FA#ltt. ffl*A9-*nidB 
© 7* - X * - iii|@8g £ U T/8 n*> 980nmj££|n] # > 
t!>^ (backward-pumped) J8QIffiT!*ofc. g*Pl310n 
mSSft*-^- H • 77-f A • U >^«fi$?JtL50km-e 
&t>, 1550nmt*5ViT*52500ps/kni©X> H • 7- • X 
>F5HK, *cti;33dB©MSia^$#ofc. OFA#2 
tt980ninJl^|Bj^>fcf>^ (forward-pumped) ©25dB5flJ 
fHfilSgg-C&D, *©«lci.2iiiflHtee7>f ^*»B11 
tZWt. OFA#3tt+13dBm©ffiSJ{i}7JA7-^U 
31dB©?fJ#S±f 5 2 O©980nmj&£ 
§g-?&9, •f-©^C3nm*«3t7-r;i/i$'*tgSffSn&. 
OFA#3fc±*y-fX»*ft«»rSfc»fc, 
«fc*tt«»ittl«7T-f/W2 0ffl-fe^3/g>fc»ll 
St!, J:nfC.fctJTOFA#3©A*lr*^-5A7- • 

i^^;psii^:$-e-5j;5fcjs$tifw. £ns©0FA« 

[0 0 8 5] 0.5nm©7^7 h;Hi (-20dBmTS33£l/ 

t) s^r-rs^-^iMrjf^DFBP-if-^^-H 

*^B^©10 Obit/s NRZ (HHfd&}§) iS^T^Sl^ 
tlfc x-^ • A^->ttS322 3 -l©ip7>^A • A 

[0 0 8 6] W-1f-*«*tttttt8#lT*oft. 3t 
Sft«»4> «RK1.2iurilWHHirttJt7-f^^, fll* 
^MSi§> P IN7*h^-f^-H. fe«ktf«^«iaS 

*|iis^t&nfcOFA#2-e«i^snTVifc. 

rcMZft^Zntc. 3tSMI8©iE^Sttl£- 18 BERT?- 
30dBiT*ofe. 

[0 0 8 7] 01 7ttOFAs*«fc^«Wlffi77'fA 
S-^££M&©M£$n*:X>F • '7- ■ x>Kfi 
3HK£jRLTlr>£. 150km©g^77-f A^?,^3@$n 
(9ps/nm ! ) ^x-^^±HmS$nT. ffl 
£li:Tffllt«)|||t:iWtOm«Si*lft. 

[0 0 8 8] ^©1310nmSSft;7T'f A©0.020km^ 

acreji$n^i^^-53t&^©7-f -A^->*t 

018 (a) fcSSnT^S. ffi«^^^1310nn# 
®ft 7 7 -f A©12km£fi CTfcmtsnrz'&<Dft$[&<D7 
■i -A^->*i018 (b) 1310didS 
3ft; 7 7 -f A©150km7 , 7 7^SMM 7 7 -f A©39. 4km 

sauTem^nfc^c^itsT-f • a^-^si 8 
(c) ic^snTus. ^»a«&#b^^«^©7< 

?7r-f A©12kmfc*lt*ai;TTttl!if^U/5:^. b*> 
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Wttlti, 01 5©BER7*57l£7K$nTV>5«fc5 

\z, ^*77'fA , ©i50kmsai;Tii^-r5«-&fc, m 

•KT©©£{§$A<7- • «.*)Vt<< (power penalty) 
[0 0 8 9] m0mimmtt,7 7'(rt*Ztl&$>tzfr'hft 

a 7 7 -r /** x t vit&mm&tffiifim&zn 

fc. £©&filf ££©&£#£•?##&-> 7 h 7 r -f a' 

©#&£*§«-*-£ ZliKioT. 7r-fA(D£»££>.y 

\z-rzztwn$ito ztiw, 7r'fA'cD#en?)t:y 
h • v— mm&ifi*.%<mnai£tvs><D-v. «©7? 

[0 1 ] *£noJ|ft&«£tf*H&ttft7 r-f ASAffll 

[02] *5BB©««3S*5£tf#tttt«77'fM&*fi 
l/fc^O->XxA<D7*n v pm-V&Zo 

[03] *»W©«fi«*«fc^1R«*77'fA»*JMI 
Lfcft£©->X7 : A©7 , n y ?0T?&.5. 

[04] *^©Ji«l8£*tf#fWlf«77'rA£jlffl 
L/fc^©">X'r A©7"D «y ^0TJ&5. 

[0 5] *W»lcJ:6»«ttMl7T'f; , tRtHc«r*JB 

[06] *«Hfc**^MHI«7y-frW»fc*rt-*JB 

[07] *58WfcJ:a»fHitfll7r-f;'nRfHc*W*H 
#?$##©-#!£* l/CHS. 

[08] *58Wfc±«iMWt«7rV;t«fHdW*JB 
iW:#tf©-0!l£* LT^S. 

[08 A] *«HfcJ:**HHi«7r^Wfc*tt-S 

[09] ->xxAHifi«siit3ffl^ens4o©e/xxA 

S3l#l*S©5^©loS^-r^ny^0-pfeO, 

[010] •>XT-A^!Sg||ncffiV^n-5 40©>'7xX 
Ag^$f£©'5'5©lo£*-r7'nyi7ET?&9, rto 

[0ii] ->xxA^jsesiiicffli^n5 4o©^xx 

AS^«l^©5-fe©loS^-r7'D»/^0Tf&D, *>o 

[012] ->XxA&&mfcfflV>Sn-5 4'0©->X'r 
AS^«^©5^©l^^-r^Dy70T<feO, do 
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[013] *X^AI0H«2TfflV>&n**MWMt77 

[014] ->XxAHiSM21?ffl^^n?.->7NxA^ 
flfj$©7*Dy?0T?&£. 

[01 5] ->XxA^JI«S|2©ig^©ty h ■ Xy- • 
V- hf-X r-*g£©7*77T&5. 

[016] -/XrA^IM 2 Tffl f, n*#tH*«7 7 
-f A©#ft*t ifcBSligl©^ 7T&-5. 
10 [017] ->X-r AHiS^I 2 ©#tHli«3ttfcfcjflU > 
7©^#«2mg©7*?7-?fc£. 

[018] (a) »a«Mbsn&, (c) ttftwmmz 
*lt (b) »»«iifliftfl*a:v»»#©2/x 
^A**«^0fi»U>*lcistt*3MMI ry-f j ( ey 
e) A*->£*bTl>-5. 

1 3W 

2 etu>7 

3 tt77-fA'i!tfi3g (OF A) 

a? 4 MMmyytn 

5 &fl8§ 

6 W*V4fr9 

1 1 moiwybm 

1 1 a 1550nm)ftg 

12 £2SU># 

1 6 WDM#77 

17 Hf-* 

1 8 WDM*7*7 

1 9 WDM^T? 
30 2 1 1550mii3K!II 

2 2 eSS7 7-fA 
23 OFA 

2 4 »«ttffi77'fA 
2 5 OFA 

2 6 %*«7w;^ 

27 wm 

2 8 Jfcjg 

2 9 5HR««77'fA 

3 0 OFA 

40 3 1 mvrm 

3 2 OFA 

3 3 **7-f;W (BPF) 

3 4 0WM7r-frt 

3 5 fcfclgS 
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